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\0 (^4) Title: ELECTRO- EXPLOSIVE DEVICE WITH LAMINATE BRfDGE 



nl \» A semiconductor bndge (SCB) device. In one embodiment, the SCB device includes a laminate laver on top of an 

^ nuilaung matenal, wherein the laminate layer comprises a series oflayers of at least two reactive matenals, and wher'ein the laminate 
O layer C0 ^Pn^ two relatively large sections that substantially cover the surface area of the insulating matenal and a bridoe section 
joining the two relatively large sections. At least one conductive contact pad is -coupled to at least one of the series of layers* wherein 
a predetermined current through the conductive contact pad causes the bridge section to initiate a reaction in which the laminate layer 

anl T T° aimen, < lh£ SCB device includes an in.egr.ied diode formed by an interface of the insulatin, material with 

another matenal, such as a metal. = 
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ELECTRO-EXPLOSIVE DEVICE WITH LAMINATE BRIDGE 



FIELD OF INVENTION 

This invention generally relates to an electro-explosive device. More particularly, the. ' 
invention relates to a device having a laminate bridge that initiates a reaction of relatively high 
output energy for relatively low input energy. 

BACKGROUND OF THE INVENTION 

In genera], an electro -explosive device (EED) receives electrical energy and initiates a 
mechanical shock wave and/or an exothermic reaction, such as combustion, deflagration, or 
detonation. EEDs have been used in both commercial and government applications for a variety of 
purposes, such as to initiate the inflation of airbags in automobiles or to activate an energy source in 
an ordnance system. 

Prior art EEDs include those that use a bridgewire to ignite an ordnance material. A 
bridgeware is a thin resistive wire attached between two contacts. The ordnance material surrounds 
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the bridgeware. When current is oassed through the bnd Ffwm nh • u ■ 

u 0 n me bndgewire ohrmc heatmg results. When the 

bridgewu-e reaches the ignition temperature of the ordnance materia) * h 

« o.unance material, the ordnance material initiates 
Typ,a„y, the ordnance material „ , ^ M wh;ch ^ ^ 

'barge, which h, to ignites . mam chargc E£Ds ^ ^ a ^ 

Nanuses ip modem applicatioDs . ^ ^ ^ ^ ^ ^ 

a.ectrotpagnefic toerfe „„ ce (£MI) ta _ y ^ ^ civiijan ^ ^ ^ 

present a serious danger because the EMI mav cramU »i» ♦ • 

tJVU may couple electromagnetic energy through a direct' or 

»*« P-h .o an EED, cansing „ to fire uruatentlonally , £EDs may ^ ^ mjntentaauy 
by oleoma d.sch.ge (ESD). Cortvephona, devices to ^ ^ 

such as passive filter circuits and EMI shieldino- * +u • 

shielding, present their own space and weight problems in . 

typical applications. 

In order to «dnce the se „ slt ivi„ of an EED to stray signals, the t „, a , energy of ^ 
s.gna, whioh is necesaaty to igPite the EED ntay be inched. As . rarft , low w st „ y s ^ 

™y be copdnoted tnrougn the hfidgev™ vpthoo, cpostng any ignition and oniy tpe htgher level 
fcng sigp^ wool. have sufficient anergy , 0 ^ ^ ffiD A ^ ^ ^ 

bowever, is not always deaitlbla . In many ^ ^ _ ^ ^ 

power is severe,, , mittd , maW ng ,t necessary to provide en EED W W a ,ow ^ energy tvhrch 
may be near the energy .eve, of potenfia, spnrions stgneis soch as those front ESD or EM souroes. 

One type of EED tha, aheviatea so m . problems with Occident., firing is caU.d , ' 
aetoiconhpctor bridge, or SCB. Ap SCB ntay use ,ess energy than the, used by a hedged EED for 
- some no-fire level. Eot e xamp ,c, the energy recced by ah SCB ma , be „ order of n— 



o 



loss than Una, re , U n ed by a bridgewtre device with the septa po-fire parfomanoo. Ap SC B 



is a 
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ordnance material Initiating device built on a semiconductor substrate. Hie SCB typically ignites the 
ordnance material with a hot plasma. When the SCB fires, it creates a high temperature plasma (for 
example, greater than 4000 degrees K in some cases) with high power density that ignites the 
ordnance material. The SCB may generate plasma in less than several microseconds as compared to 
the bridgewire, which may heat to the point of initiation in hundreds of microseconds. The ordnance 
material ignited by the SCB is typically an adjacent ordnance material or primary explosive that is 
ignited in a matter of microseconds and in turn ignites an output charge. The excellent heat transfer 

j 

characteristics of the semiconductor provide a high capacity heat sink for the SCB and thus a 
relatively high no-fire level. Generally an SCB should be driven by a low impedance voltage source 
or a capacitive discharge to properly support an avalanche condition that results in plasma creation. 

* 

The use of EEDs in automobile airbags and other safety critical applications presents several 
problems in addition to the prevention of unintentional firing. For example, the reliability of an 
airbag EED is- critical. The airbag EED must fire reliably, and must be manufactured in a way that • 
allows some verification of reliability. Conventional SCBs have some disadvantages that make it 
difficult to produce veri.fiably reliable SCB EEDs. For example, SCBs provide a very hot but low 
energy ignition source.that lasts only for microseconds. In typical SCBs the amount of energy 
output is dependent upon, and is less than, the level of energy input. In cases in which only a very- 
small amount of output energy can be produced, the output energy may not be sufficient to provide 
reliable ignition. 

Reliability of conventional SCB components is also difficult to verify. One reason for this is 
that in conventional SCBs, the ordnance material and the SCB must be tightly coupled in order to 
transmit the small energy output of the SCB to the primary ordnance material. That is, at the 
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ordnance maieriaJ/SCB interface th* « a 

ov.x3 mieriace the ordnance material must be in • 

must be m intimate contact with the S CB at 

generally do not work well for semiconductor devices F„ , • 

devices. For example, it may be possible to verify the 

presence of the proper amount of ordnance material by wei*W but > • 

oy weighing, but it is very difficult to verify a 

p^w. facludmg addad cost Md compWty mthM reso[vmg verifiM(ion 

reliability in the field. In addition, the forces applied to the SFR ■ ■ ■■ 

PP t0 the S CB m P° sit rve retention may break the 

SCB and/or connection bonds in the device. • . 



A sendee, bridge (S CB) d ev,ce on . substrate with . lamjna , a ^ ^ ^ ^ 

« - b „ dme „, *e SCB device co mprisK ffiultlpl , , lttmatog layMS of , ^ ^ 

msulating maKria , „ d . conduc(mg matew ^ ^ ^ ^ ^ 

— * ~ Tte muldpk allamallng [ayets fom s iamiaa(e ^ m _ ^ ^ ^ 
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continuous. In a top view, however, the laminate layer appears as two large sections that 
substantially cover the surface area of the substrate and are joined by a bridge section. The bridge 
section has a small cross-sectional area relative to the direction of current flow. The laminate layer 
is constructed as a series of individual, alternating insulating and reactive layers. The bridge section 
is reacted when current is passed through contacts on top of the laminate, which initiates the " 
remamder of the laminate. As one layer of the laminate is consumed, another layer is exposed and 
becomes part of the conductive circuit. The output energy produced is sufficient to ignite ordnance 
material across a gap. 



BRIEF DESCRIPTION OF THE DRAWTNdS 



Figure 1 is a top view of an embodiment of a semiconductor bridge (SCB). 
Figure 2 is a cross-section view of the SCB of Figure 1. ' 
Figure 3 is a top view of an embodiment of an SCB. 
Figure 4 is a cross-section view of the SCB of Figure 3. 

* 

Figure 5 is a cross-section view of an electro -explosive device (EED). 



DETAILED DESCRIPTION 



Figures 1 and 2 illustrate. one embodiment of an SCB. SCB 101 has integrally formed . 
shunting diodes for protection against ESD events and an enhanced bridge overcoating for increased 
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firing efficiency. Referring first to Figure I the SCB 101" - „ 

that is a n ' 46 SCB 101 15 IOrmedo - a silicon wafer substrate 102 

generally ^axe b,t may also be any convenient shaoe ^« n ■ 

• P Ilx 31 S enera lly triangular land 103 

is deposited on one side of the substr 3 t P l no 

, . 2 SeC ° nd 8<!mra ">' land , 04 ,s deposited 

, w , . . ma 104 ""senerally spaced apart and 

electrically isolated from each other except for a relative 

pt ror a relanvely nairow conductive bridge 106 that 
couples aid electrically connects the lands , 0<teth „ , „ 
■ ,0geth<!r - InM =e.-nbod 1 m,„,, th el anal0 3 isfomed 

partially of a deposited layer of palladium 107, and the land 104 is similarly formed partially of a 
*~ - !0 8 of paHadiu, , one emoodimen, the brid, ,0o „ also fcmed of ^ ^ 

common integrated circuit etching and, deposition techniques. 

A first diode 1 12 is formed beneath and is electric llv 
, r , • electncally coupled to the palladium layer 107 of 

the first land 1 03 and, similarly a second diode 1 1 3 is formed h u 

0med b6neath and electrically coupled to the 
palladium layer of the second land 104 The for™.- ■ , 

^ f ° matl0n and Structure °f these diodes is described in 
more detail below: A first contact pad, 1 09 which preferably is ft™ „ , 

. prererably is formed of composite layers of 

titanium, nickel, and gold (Ti/Ni/Au) is deposited on thr 

P ltCd ° n Ae P alladlum layer 1 07 of the first land 1 03 
and a second similar contact pad 1 1 1 is deposited ft „ «, „ 

P ° Slted ° n the P 8 " 8 *"* layer 1 08 of the secondhand 1 04 
tne contact pads provide a suitable surface to which elect™, , „ 

mM - , hlCh ekCtoCal leads c ^ be connected to the lands by 

means of solder, conductive epoxy or the liw for . , • ^ . 

. P xy or the like for supply ing fmng current to the device A 

chemically explosive composite overcoating 1 1 4 descn W ■ 

bridoe 1 06 f „ m0rC etaU bd0W ' " PI0Vlded 0n 

bridge 1 06 for enhancing output energy and increase* th.H • 

ay emu mcreasmg the dispersion of a firing event. 

Referring now to Figure 2 which k - ■ ' 

• S VieW 01 CrOSS —on A-A of Figure 1, the substrate l( p 

- a s,hcon chip 116 processed ma conventional manner 4 layer n 7 of sT " h- • 

iayer 1 17 oi silicon dioxide is formed 
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0. *e s^face of ie cMp and fi^ons a s m . lKtrica , lnsu , a(or ^ . 
, _ wu spaced-apan triangular • 

shaped openings 1 1 8 and 1 , 9 are etched in the silicon dioxide layer usi 

tee , n . • ■ Xlde layer usln 8 ^ appropriate etching 

technique to expose the surface of the silicon chip. A first layer or pad 121 of ai 

denneit P f ^^^m is then 

^tedoyerthefctetchedopenrngllSandasecondiayeroroadl^ , , ' ■ 

0Ve ., . 'ayerorpad 122 of aluminum is deposited 

°verthe second etched opening 119. The aluminum pads m av be H V 

P dS may be ^sited on the chip using any 

appropnate technique such as, for examole, vapor deposition Th r , 

first ^ ^ u ^Position. The first aluminum pad.l 21 forms a 

r: r ^ 123 ^ — - — — - - ~ 

Pad 122 .orrns a second Schortky barrier junction 124 with the surface of,, t 

me surr ace of the silicon chip 1 1 6 
Accordingly, a pair of spaced apart Schortky diodes 1 12 and 1 n 

7 112 and 113 *"> lnte g^ly formed with the SCB 



The SCB 101 includes a bowtie shaped laver 1 ok „f „ j- 
t , u . P Y r 126 palladium deposited oyer the surface of 

the chip. The layer 126 of palladium .is configured to define a first area 1 07 

.u.j ' ■ c une a tirst area 107, a second area 108 and 

a badge 1 06 that extends between and electrically couples the H 

shaped area 126 Th " " ^ ~ ™ "* ^ ^ 

P 126. The nrst area 107 of the bowtie covers and is electrically bonded to the first ' 

Scho^ky diode ; 12 and the second area 108 of the bowtie covers and is electricalIy ^ b ^ 
second Schortky diode 113. . \ 

.The first contact pad 1 09 is deposited on the surface nfth ~ 
Da]la H . , fa " ° fthe IlrSt area 1Q 7 of the bowtie shaped 

Palladium, layer and the second contact pad 111 ls dep0 sited on the surface of the s H 
f r , sunace or the second area 1 08 of 

^ bowtie shaped palladium layer. The contact pads 1 09 and 1 1 , ■ 

p * i uy and 1 1 1 , in one embodiment are 
composite layers of Ti/Ni/Au. The contact pads 1 09 and 1 1 1 a e 

m . L P SX Uyand 111 are. contacts to which electrical leads 

may be bonded to the areas 107 and 108 of the bowtie shaped nalUH" ■ 

wue sha P ed palladium layer 126. The electrical 
1-ds supply finng CUrrent t0 ^ bQwrie shaped paiiad . um ]ayer i ^ 



t ft 
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The deposition, etching, and shaping of the various layers of mate ■ , „ 
chin 11 * ■ materials on the surface of the 

^ 1 1 6 15 aCCOm P^ed using conventional integrand circun fab • 

s-«ca circuit fabrication techniques Th P rw 

of the layers may be d * • ^'^^^--"f^vario^po^ 

yers may ba drfierem n diffi™. a mb „d lm en« accords ,o particular ■ 
examnl. „ m Particular requrrements . For 

- P .a, 8 „ id or aluminum mr ebt be substeed f „ ^ ^ ^ ^ ^ ^ 

aombmations of appropriate metals could be substituted for the Ti/Ni/Au of the contact pads. 

A composite overcoat 114 ic rfp nne :* A j . 
c „ . 114 15 d ^^a<°P the bridge 106. As i, teteted Figure , ae 

~ overcoat 1 la rnclude, a leyer , 5 of ^ deposed op dae bridge aod .ayer^ 

ZZ7 T * fcr — ~ — - - - . 

2 — ^ la, Copper oxade aod rroa oxide are formed ofmoleeu.es w itb rclat^y „ea 

bonds md - - * *- «* — ~* - . — 

^ * — «H - — u fte b d 8 e 

::: any of a vme,y ° f ^ d ~ -~ — - — ~ 

, - - ~ - » « eou,d be deposed aa layer „. ^ „ f 

. r»:ir: h addi : ■ ~ s ^ te - - * *- — — 

«— . cor example, omer we* oxides aod me,a, mels may be used, Ar,y app„ pri a,e 
— y expire overcoat ^ be substteed fa ^ / ~ . 

In operation, the contact pads 109 and in , u , 
of 1 a v eaCh eleCtrica ^ ^cted to a respective pair 

* — - exa„ pl e, of .eboud, eooducu. e P ox, or solder. Tb e ^ „ L 

g ' he SCB 13 P rotecte d from inadvertent firfno suc h as bv Psn 

-dll,andtheno-n r e energy of the bridge . More soecifical-y electrio 

. mcahy, electnc potenual mduced across the 
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the SCB. Thus, the diodes appear * ESD mduced potentials M closed circuit ^ ^ ^ 

current above the shunt threshold is conducted away from the re^Hv. K ^ 

way irom me resistive bridge to prevent ohmic 

heating of the bridge and consequent accidental firing 



In order to fire the bridge of the SCB, a firing notenthl rW ■ 

. xuuig potential that is near or above the turn-on 

voltage of the diodes 1 12 and 1 13 is applied to the contact, 

w m contacts irom a source capable of delivering 

sufficient firing poteMlal f0I an appropnMe „ ngth of ^ ^ ^ ^ ^ ^ ^ ^ 
«a raple , by swltcUng . char6ed capaciMr ^ wift ^ ^ ^ ^ 



«- 1, iess than fts ^ voltafie of diodK . appHed across ^ w ^ ^ ^ 
Ihroogh the h rid ge eaustng » to baa , rapidly md „ ^ ^ . ^ 



potential 



reaction. 



TOe hea. generated in the palladlum bridge by the fi[ing ^ ..^ ^ ^ 

composite overcoat 114 of the SCB. As a oorrserrrreooe, tKe overcoat is .Uo hetfed rapid* onm te ' 
amonium , ay e r of *. overcoat ^ begins t „ vaponze fa a ^ ^ fa ^ ^ ^ 

chemical,, explos.ve reaction between the ionium of me overcoat and me cddizer la y e, The 
result is . ckemioaliplasm. raacolon in the vicing of the bridge ,06 thai is substantia,,, more 
energetic than the p.asm. exp,„ s i„„ of. conducive bndg e amoe. The erosion generates a plasma 

filled fireball that projects outwardly from the surface of ih.«rn u '* 

/ mc iuriace or trie i>CB. Thus, the composite overcoat 114 

greatly enhances the efficiency of the SCB in i°nitine a ordnance ■ ^ • • 

i 0 mung a ordnance mix packed against its surface 

while the integral diode shunt protects the bridge .from ESD events. 

figures 3 and 4 illustrate another embodiment of an SCB. The SCB 90 includes a greater 
-cunt of reacuve materials layered over a greater surface area of the SCB as compared to the SCB 
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101- The SCB 90 has significantly g rea ter energy outpu* 

P Up ° n Ilnn 8 than for example the SCB i n i 

-thou t ap pre ci ablymcreasedenergyinput ^ 

minimally sustain a reactlQn . . ' * ^ en0Ugh ^ to st -t -d 

/ usxain a reaction between two reactive material, rh.r , . • 
m „ J . materials that explode m plasma projecting 

outward from the surface of the SCR Qn * u 

-^Uvf H h ' eSCB9 °' aSfotherdeSC ^ d ^w. The SCB 90 further includes 

-grally formed shuntmg ^ for ^ ^ 



The sensitivity of the SCB 90 may be adjusted to operate at * • , 

u to operate at an input electrical power level 



. required of a* appilcatiQn independentofthe energyIeveUo . p . t fh 

mafp ., 0 ^ ■ . gy levelto the output ordnance 

material. The SCB 90 may ignite insensitive materia 

. ° r *** * ~ of 

Significantly, the SCB 90 provides reli.hu ■ • • 

lgmtl ° n aCr ° SS a 8ap between the bridge and the 
ordnance materia,. This greatly enhances reliability because an " . ■ 
h . A . ^ CaUSC ™ Ornate interface between the 

bridge and the ordnance material a- 

-u_a„ce material does not need to be <marant e( .rf fn 
of the mt^f u ^aranteea for proper operation. Verification 

of the interface between the bridge and ordnance mate rial is thu S , • 

verifV , • ieqUlred - !t is 0Q] y necessary to 

verify, using conventional techniques that th, • a 

•^ques, mat the semiconductor wafer hac h~»„ 
Th^nr.o , ■ urwaier has been correctly processed 

The presence of an output charge may be easily verified bv W „ ■ 

^ W62ghmg ° r ^ *° ^uces 

W 3 is a top view of thfi SCB 9Q showmg ^ outimes ^ a . 

on top of each other a, they would appear on a substrate (not show.) P - 4 • 

d . ^ not snov ^)- ^gure 4 is a.simplified . 

diagram ofa cross-section ofthe SCB 90 The SCR on- 

material, h . „ iayerS ° f differe * 

materials which are chemically reactive with each other Typicallv one f „ 

TvoicaJIv - u Y ' 01 ^ matenals is a metal, 

i ypically, one or the materials is an insulator in «, u 

■„ . ' m that " haS a ^ res ^tivity and low thermal 

conduchvity relative to the metal. In ore emhnH; 

on. embodiment, boron is used as the insulator and titanium is 
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used as the metal. I, other embedments, ether matenals may be used. Per example, the me tai used 
may be one or mere of aiunnnum, magnesium, and zirconium, as well as ether metals. The insulator 
used may be one or mere of calcium, manganese, and silicon, as well as other insulators. ' 

Alternating layers, or sublayers 502 of titanium and sublayers 504 of boron are built up en a 
silicon dioxide insulating layer 306. The top layer of the senes of layers is a "bridge" layer 203 of. 
tnanium that is in contact with the contacts pads 202. The alternating sublayers 502 and 504, and the 
tep bridge layer 203 make up a laminate layer. The layers 502, 504, and 203 are. integrally bonded 
m situ during the semiconductor fabrication process that produces the substrate upon which the 
layers appear. The resulting structure, including a bridge and fuel, is therefore monolithic. This is in 
contrast to prior devices which may be fabricated by depositing the fuel as powders after the 
semiconductor fabrication process, aad then mechanically pressing the powder fuel around a bridge.' 

The tep bridge layer 203, as shewn in Figure 3, is a continuous layer of a metal, in this case 
titanium, that includes two relatively large sections 203 A and 203B joined by a badge section 203C. 
In ether embodiments, the tep layer may be boron or seme other reactive material. The bridge 
section 203 C has a small cross-sectional area relative to the direction of current flew from the 
contact pads 202. The cross-sectional area and geometry of the bridge section 203C determine hew 
much energy is required to heat the bridge. The matenals used in the bndge, and their geometry and 
thickness, affect the starting resistance of the bridge section 203C. In various embodiments, the 
contact pads 202 may be electrically connected to the top bridge layer 203 only, or to the top badge 
layer 203 and multiple sublayers 502 and 504. The number of layers electrically connected to the 
centact pads 202 affects the resistance and heating characteristics of the bridge section 203C. In the 
case of a single layer in contact widi the contact pads 202, the resistance of the layer may be reduced 
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the bridge mav rh,.< k g ' The resista nce of 

° 7 ^ bC adjUSted t0 ™« ^ecific requirements. 

The insulatmg layer 306 is built on the sihV* u * 
area of the s ' 304 SUbstant ^X -vers the surface 

-a of the suostrate 304. In one embodiment the msulatmg layer ^ • ■ 

layer, SO - «■ 8 layer J ° 6 13 slllc on dioxide. The boron 

layers 504 and titanium layers 502 and 203 are ^ ■ 

relative, -PP-xunately 0.25 microns thick. Boron is a 

relatively poor conductor of heat and has relatively high sheet elect " , ■ 
titanium n " Cal resistiv iry compared to 

ntanium. Boron and titanium may be processed with stand, H 

sublayers 504 and u —conductor techniques. The boron 

the bridge sect' on "Vrr • • P onage layer 20^, which includes 

8 UOD ~ 0j C - * a ^nes of layers until the desireH rt,^ 
'the laminate l ayer - a d A " " The thickn - s of 

-re level ^ f ^ ^ ^ * * ~ - - ^ 



processing technology. A stoichiometry that yields relatively h' h 

^ , 1Vdy 111811 ° ut P ut ene ^ is one. titanium 

-fo rb o r on. A m „ Mterof| , w 

i - to ^tors as total processing time, is four 



— * wau veiy nign output 

atom per two boron acorns. To achieve this lay er thlVlr 

vc mis, layer thicknesses may be 250 



for titanium and 220 



layers of titanium and four layers of h r § ^ * f ° U 

four layers of boron. In most applications, the laminate layer fwh' K ' 
boron sublayers 50- -,nH •, • yer (which : inc ludes 

layers and titamum sublayers 502 and bridge layer ?rm 

between tw • } may haVe a ^okness of 

between two rmcrons and fourteen microns. 

4 

The contact pads 202 are titamunVnickel/gold (Ti/Ni/Au^ ■ 

pads 209 . * C AU) m ° ae em bodiment. The contact 

pads 202 are formed by selectively covering nartnf.K u - 

7 wMing part 01 the top bridge i fl vi»r on-> , 

T,vm-/ a ia yer 20o with a standard • 

Ti/Ni/Au coat to form electrical contacts thai can be connected for examole 

or nr, j ■ ' IOr exajci iple, via wire bonds solder 

^.provides a so, de b, ""^^^ 
Pioviaes a so Iderable contact, if one is design n u • 

desired. Gold is an excellent conductor for providing 
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a conductive path to the layered reactants, and also helps keep the nickel from readily oxidizing. As 
shown in Figure 4, the contact pads 202 extend over and through the sublayers 502 and 504 to the 
aluminum 312. The SCB 90 includes diodes 204 winch are integrally formed by the interface of the 
aluminum 312 with the silicon substrate 304. Two spaced apart triangular shaped openings are 
etched in the silicon dioxide layer 306 using airy appropriate etching technique to expose the surface 
of the silicon chip 304. Layers or pads 312 of aluminum are then deposited over the etched openings 
using any appropriate technique such as, for example, vapor deposition. One aluminum pad forms a 
first bamer junction 204A with the surface of the silicon chip 304 and the other alununum pad forms 
a second barrier junction 204B with the surface of the 'silicon chip 304. The doping of the substrate 
determines the breakdown voltage of the diode. In applications such as automobile airbag initiators, 
for example, a breakdown voltage of seven to eight volts provides significant ESD protection. Other 
application requiring less sensitive bridges may use higher breakdown voltages. 

The length and width of the laminate layer formed by layers 203, 502, and 504 extends 
significantly beyond the length and width of the small bridge section 203C. When current is applied 
to the small bridge section 203C, the top layer 203 is ohmically heated until it is hot enough to react 
with the adjoining boron layer. An exothermic reaction results, producing Titanium and various 
Titanium compounds, which are expelled as hpt plasma. The boron acts as an insulator so that only 
the plasma arc and the exposed portions of metal layers act as a conductive path. The reaction ' 
ceases when the source electrical energy (for example, from a capacitor) is depleted or all of the 
layers are consumed to a distance at which the plasma arc is extinguished. The output energy is used 
to heat the ordnance material that is ignited by the plasma. The heat transferred to the sublayers 502 
and 504 aids in the reaction instead of being lost to the silicon substrate. 
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In reactive processes in which the hp-,t ™i. j • 

vmch.the heat released 1S more than the heat absorbed by the 

substrate or lost in plasma release, or other mechanic ,k 

mechanisms, the reactive process will continue until all 

available reactants are consumed. In cases in which the losses exceed tW 
.„ " n me losses exceed the energy output, the reaction 

will be sustained by the addition of electrical energy via the „u, 

energy via the plasma until the electrical energy is 

discontinued or the arc length requires more voltage th™ * 

h iiiure voltage than the source can supply. 

Tests of SCB 90 have shown that ignition afnrHn 

ignition of ordnance materials occurs across a gap This 

eliminates the need to assure contact between the bridge and ft, ■ ■ , 

ne ondge and the primary ordnance material, greatly 
simplifying. manufacture. Additionally nothavin„t„ ■ • 

ay, not having to.maintain contact between the bridge and the ' 
Pnmary ordnance material elimmates many of the reliability problems that may result, such as 

b^ngof^ebondsdunngpowderpressingoperations. The SCB 90 can thus be reliably - 
assembled in quantity. 

In other embodiments, the area of the qrs on ~ j. , 

the SCu y 0 covered by layers of reactive material may be 

varied according to performance requirements The shaue of h, 

. 4 nra. i be shape of the area covered may also be varied 

For example, multiple layers of boron and ulan^ or some other appropriate matenals 
-eked as high a, practicable only m the narrow bridge area between the contacts of the SCB. 

Fi^re 5 is a diagram of a cross-section of an electro-explosive device (EED) 60. An SCB 
» . attached to a header 62, which is formed &0m a ceramic or metal alio, The SCB 50 may be 

*milartotheSCBl0lortheSCB90. The SCB 50 is typically .tt >u 

■o ju is typically attached with a nonconductive ' 

epoxy. An electrical attachment 64 for examni, ™ a 

. example conduct! ve epoxy or wire bond, is applied between 

Pins 66 on the header 62, and cap 68 is placed on the header fi? m / 

me neaoer 62 to form an enclosure filled with 

ordnance material 69. 



may be 
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In operation, a firing stgnal supplied to the initiator 60 is routed through the pms 66, through 
the electrical attachment 64, and to the reaotive bridge, section of the SCB 50, finng the reactive " 
bndge and initiating a reaction that involves all of the reactive material layers on the SCB. 

The invention has been described with reference to specific examples. Various modifications 
may be made by one of ordinary skill in the art without departing from the spirit and scope of the 
mvention as defined rn the following claims. For example, alternative material and alternative 
configurations axe within the scope of the invention as claimed. 
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CLAIMS 



What is claimed is: 



I- A semiconductor bridge (SCB) device, comprising: 

a laminate layer on top of an insulating material, wherein the laminate layer comprises a 
series of layers of at least two reactive materials, and wherein the laminate layer comprises, 

two relatively large sections that substantially cover the surface area of the insulating 

material; and 



sections; 



a bridge section joining the two relatively large 

a • 

at least one conductive contact pad coupled to at least one of theories of layers, wherein a 
predetermmed current through the at least one conductive contact pad causes the bridge section to 
initiate a reaction in which the .laminate layer is involved. 



2. The SCB device of claim 1 , where the at least two reactive materials comprise a 
reactive metal and a reactive msulator, wherein the reactive msulator has a resistiv.ty.that is Ingh 
relative to a resistivity of the reactive metal, and wherein the reactive metal is in contact with the at 
least one conductive contact pad. 



>. ■ The SCB device of claim 2, wherein the reactive metal is titanium and wherein the 
reactive insulator is boron. 



4. The SCB device of claim 1, wherein each layer of the series of layers is 
approximately 0.25 microns thick. 
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5 . The SCB device of claim 4, wherein the series of layers has a thickness of between 
two microns and fourteen microns. 



6. The SCB device of claim 1 , further comprising an integrated diode formed by an 
interface of the insulating material with another material. 



7- The SCB device of claim 1 . wherein the at least one conductive contact pad 
comprises titanium/nickel/gold. 



8. An electro-explosive device (EED), comprising: 

a header; ... 

a cap coupled to a first side of the header to form an enclosure; 
ordnance material inside the enclosure; 

. at least one electrically conductive pin that passes through a second side of the enclosure 
opposite the first side; and 

a semiconductor bridge (SCB) on a substrate, wherein the substrate is coupled to the first side 
of the header, the SCB comprising a series of layers of at least two reactive materials on top of the 
substrate, wherein the series of layers comprises, . 

two relatively large sections that substantially cover the surface area of the substrate; 

and 

a bridge section joining the two relatively large sections; 
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at least one conductive contact pad coupled to at least one layer of the senes of layers 
and to the at least one electrically conductive pin, wherein a predetermined current through the at 
least one electrically conductive pin causes the bridge section to initiate a reaction in winch the 
series of layers is involved, igniting the ordnance material. 



9. The BED of claim 8, where the at least two reactive materials compose a reactive 
metal and a reactive insulator, wherein the reactive insulator has a.res 1S tivity that is high relative to 
resistivity of the reactive metal, and wherein the reactive metal is coupled to the at least one 
electrically conductive pin. 



10. 



The EED of claim 9, wherein the reactive metal is titanium and wherein the reactive 
insulator is boron. 



1 1. The EED of claim 8,. wherein each layer of the series of layers is approximately 0.25 
microns thick. 



12. TheEEDofclaim 11, wherein the series of layers has a thickness of between two 
microns and fourteen microns. 



13. A semiconductor bridge (SCB), comprising: 

a layer of electrically insulating material substantially covering a surface area of a substrate; 
at least one integrated diode comprising an interface of the electrically insulating material 
znd another material; 
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a bridge layer of a reactive material on top of the lav^r n f * w n ■ , • • 

up di tne layer of electrically insulating material, 

wherein the bridge layer comprises, 

two relatively large sections that substantially cover the surface area of the substrate; 

and 

a bridge section joining the two relatively large sections; 

a laminate layer comprising a series of layers nf at * 

6 . oi layers ol at least two reactive materials, wherein the 

laminate layer covers a surface area of the bridge section; and 

at least one conductive contact nad cmmlpH t„ t i,„v -j 

pan coupled to the bndge section, wherein a predetermined 

current through the at least one conductive contact n*H ™„. - - 

uve contact pad causes a reaction m which the laminate layer 

and the bridge layer are involved. 



14. The SCB of claim 13, wherein the bridge layer comprises titanium. 



15. 



The SCB of claim 13, wherein the bridge layer comprises palladium. 



16. The SCB of claim 13, where the at least two reactive materials comprise a reactive 
metal and a reactive insuiator, wherein the reactive insulator has' a resistivity that is high relative to 
resistivity of the reactive metal. 



17. 



The SCB of claim 16, wherein the reactive metal is titanium and wherein the reactive 
insulator is boron. 
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18. 



The SCB of claun 13, where* each lay er of the series of layers is 
microns thick. ' 7 approximately 0.25 



19. 



The SCB of claim 18, where* the laminate layer has a thickn, *u 
-rons and fourteen microns/ ^ess of between two 



The SCB of claim 13, wherein the metal comprising ^ ^ ^ fc ^ 



titanium/nickel/gold. 



.22. 



A method of fabncahng a semiconductor bndge SCfi ^ 

'Positing a layer of electrically insulating materia) nv„ 
substantinMv - mate «^ over a surface area of a substrate so as to 

substantzally cover a surface area of the substrate- 

selectively etching the electrically insulatine materia, t 

iwmg matenal to expose the substrate- 

depositing a metal in areas exposed by the etching so as to fo h 
, mg so as t0 f °rm at least one diode- 

. depositmga series of layers of at least two reactive m ,t ■ . 

wherein th. , • - 5 M t0P ° f layer 

wnerem the senes of layers comprises . 



and 



a bridge section joining the two relatively lar 



ge sections- 
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coupling at least one conductive contact pad to at least one layer of the series of layers, 
wherein a predetermined current through the at least one conductive contact pad causes the bridge 
section to initiate a reaction in which the series of layers is involved. 



23 . The method of claim 22 , where the at least two reactive materials comprise a reactive 
metal and a reactive insulator, wherein the reactive insulator has a resistivity that is high relative to a 
resistivity of the reactive metal, and wherein the reactive metal is in contact with the at least one 
conductive contact pad. 



24 . The method of claim 23 , wherein the reactive metal is titanium and wherein the 
reactive insulator is boron. 



25 . . The method of claim 22, wherein each layer of the series of layers is approximately 
0.25 microns thick. 



26. The method of claim 25, wherein the series of layers has a thickness of between two 
microns and fourteen microns. 



27. The method of claim 22, wherein the metal is aluminum. 



28. The method of claim 22, wherein the at Least one conductive contact pad comprises 
titaniurnynickel/aold. 
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